(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Orgaoizatton 
International Bureau 

(43) International Publication Date 
20 September 2001 (20.09.2001) 




PCT 



(10) International Publication Number 

wo 01/68917 Al 



(51) Intematloaal Patent Classification^: C12Q 1/68, 
C07H 21/04 

(21) International AppiicaUon Number: PCTAJS0(V0685 1 

(22) International Filing Date: IS March 2000 (15.03.2000) 



(25) Filing Language: 



(26) Publication Language: 



English 



English 



(71) Applicant (for all designated States except US): THE 
GENERAL HOSPITAL CORPORATION fUS/USl; 55 
Fruit Street. Boston. MA 021 14 (US). 

(71) Applicant and 

(72) Inventor: BLUMENFELD, Anat [UJIL], HA Arazim 
Street 35-4, P.O. Box 0606, 90805 Mevaseret Zion (IL). 

(72) Inventors; and 

(75) Inventors/Applicants (Tor i/5(?«/v;: GL SELLA, James, 
F. [CA/CA]; 7 Woodstocic Drive, Framingham, MA 01701 
(US). SLAUGENHAUPT, Susan [US/US]; 23 Thomas 
Street, Quincy, MA 02169 (US). 



(74) Agents: SONNENFELD, Kenneth, H. et al.; Morgan & 
I'innegan, L.L.P., 345 Park Avenue, New York, NY 10154 
(US). 

(81) Designated States (national): AE. AL. AM, AT, AU, AZ, 
BA, BB, BG, BR, BY, CA, CII, CN, CR, CU, CZ, DE, DK, 
DM, EE, ES. FI, GB, GD, GE, GH, GM, HR. HU, ID, IL, 
rN, TS, JP, KR. KG. KP, KR, KZ, TjC, TX. LR, Ti5, LT, LU, 
LV, MA, MD, MG, MK, MN, MW, MX, NO, NZ. PL, Fi\ 
RO, RU, SD, SE, SG. SI, SK. SL, TJ. TM. TR. TT, TZ, UA. 
UG, US, UZ. VN, YU, ZA, ZW. 

(84) Designated States (regional): ARIPO patent (GII, GM. 
KE, LS. MW, SD, SL, SZ, TZ. UG. ZW), Eurasian patent 
(AM, AZ. BY, KG. KZ. MD. RU, TJ. TM). European patent 
(AT, BE, CH, C Y, DC, DK, CS, FI, FR. GB, GR, IE, IT, LU, 
MC, NL. PT. SE). OAPI patent (BF. BJ. CF. CG, CI, CM. 
GA, GN, GW, ML. MR, NE, SN, TD, TG). 

Published: 

— with international search report 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" affpearing at the begin- 
ning of each regular issue of the PCT Gazette. 



^ (54) Title: USE OF GENETIC MARKERS TO DIAGNOSE FAMILIAL DYSAUTONOMIA 

ON 
00 
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^ and autonomic nervous systems and Ashkenan Jewish ancestry. ITie familial dysautonomia disease gene {DYS) has previously been 
2 mapped to an 1 IcM segment of chromosome 9q31-33 flanked by D9s53 and D9S105, Using new polymorphic loci, the location of 
the gene is nanowed to less than 0.5 cM between the maricers 43B1GAGT and 157 A3. TWo markers in this interval, 164D1 and 
D9S1677, show no recombination witli the disease. Haplotype analysis confirmed this candidate region. The identification of these 
close flanking markers of the familial dysautonomia disease gene allows accurate genetic testing for both familial dysautonomia 
families and cairiers. 
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USE OF GENETIC MARKERS TO DIAGNOSE FAMILIAL DYSAUTONOMIA 

O 

VTFT .n OF THE TNVENTIQN 

This invention relates to genetic testing, and more specifically, to a 
method of diagnosing familial dysautonomia in an individual. 

5 BACKGROUND OF THE INVENTION 

Familial dysautonomia (FD), or the Riley-Day syndrome, or hereditary 
sensory neuropathy type EI, is' a rare inherited neurological disease affecting the 
development and survival of sensory, sympathetic and some parasympathetic neurons 
10 (Axekod et al., 1974; Axelrod, F.B. 1984; and Axelrod and Pearson 1984). It is the most 

common and the hest known of a group of rare disorders, termed congenital sensory 
neuropathies, that are characterized by widespread sensory, and variable autonomic 
dysfunction. Patients with familial dysautonomia are affected firom birth with a variety of 
synq)toms including gastrointestinal dysfunction, vomiting crisis, recurrent 
pneumonias, altered sensitivity to pain and temperature, and cardiovascular instabihty 
(Axehrod et al. 1974; Axehrod 1996; Riley et al. 1949). There is progressive neuronal 
degeneration througjiout life and despite recent advances in the management of FD, 
survival statistics indicate that the probability of reaching 30 years of age is only 50% 
20 (Axehod and Abularrage 1982). 

The disorder is inherited as an autosomal recessive with complete 
penetrance and is largely conjaned to individuals of Ashkenazi Jewish descent (Brunt, 
P.W., et al., 1970). In tiiis population, the estimated carrier frequency is 1 in 30 with a 
25 disease incidence of 1 in 3600 births (Maayan, C, et al., 1987). The clear-cut pattern of 

transmission, apparent restriction to one ethnic population and lack of confounding 
phenocopies suggest that all cases of familial dysautonomia might have descended firom a 
single mutation (Axekod, F.B. 1984). 

The diagnosis of FD is based on the following cardinal criteria: absense 
of fungiform papillae on the tongue, absence of axon flare after injection of 
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intradermal histamine, decreased or absent deeip tendon reflexes, absence of overflow 
emotional tears, and, because of its high prevelance, Ashkenazi Jewish descent 
(Axelrod 1984; Axelrod and Pearson 1984; Brunt andMcKusick 1970). For many 
years, familial dysautonomia related research concentrated on biochemical, physiological 
and histological-pafhological aspects of the disorder. Although those studies contributed 
5 to a better understanding of the nature of the disease, and indicated that a deficiency in a 

neuronal growth fector pathway might be the cause of fismihal dysautonomia, they did 
not result in identification of the famiUal dysautonomia gene and thus did not contribute 
to the development of genetic diagnostic test for familial dysautonomia. 

Chromosomal localization of the gene causing femilial dysautonomia can 

10 

faciUtate genetic counseling and prenatal diagnosis in affected famiUes. Subsequent 
delineation of closely linked markers which show strong linkage disequilibrium with the 
disorder and ultimately, identification of the defective gene can allow screening of the 
entire at-risk population to identify carriers, and potentially reduce the incidence of new 
cases. 

ST JMMARY OF THE INVENTION 

The present invention relates to a method of diagnosing familial 
20 dysautonomia in an individual. More specifically, the invention relates to a method of 

identifying the inheritance of an allele causing familial dysautonomia by linkage analysis 
using polymorphic markers of the familial dysautonomia disease gene. The £amilial 
dysautonomia disease gene is located between 43B1GAGT and 157A3 on the long arm 
of human chromosome 9 (q arm). Other markers encompassed by this region include 

25 

1 64D 1 and D9S 1 677. The method provides accurate genetic testing for both famihal 
dysautonomia families and disease carriers. 

The iuvention also relates to nucleic acids and diagnostic kits usefiil for 
carrying out genetic testing of famiUal dysautonomia. 

30 
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nTiXPF DESCP TPTTO^J OF THR DRAWINGS 
° Figure 1 : Familial dysautonomia pedigrees showing the recombination 

events (A, centromeilc cross; B, telomeric cross) that define the candidate interval. 

The shaded bars represent the FD chromosome, unfilled bars axe non-FD. The line 

shows the location of the recombination event. 
5 Figure 2: Extended haplotype analysis of 435 FD chromosomes wiUi 9 

markers. The major haplotype is firamed at the top. The other haplotypes, beHeved to 

be derived firom ancestral recombination events, are depicted with the identical FD 

core markers firamed. 

nPTAn.KD DF/^rRTPTTON nv TTTP. T>JVF.NTTON 

The present invention relates to genetic mapping of the familial 
dysautonomia disease gene. The famihal dysautonomia disease gene (DYS) has 
previously been mapped to an 11 centiMorgati (cM) segment of chromosome 9q31-33 
flanked by D9S53 and D9S105 (Blumenfeld et al., U.S. Patents 5,387,506 and 
5,998,133, hereby incorporated in their entirety by reference). One centiMorgan is 
roughly equivalent to 1,000 kb of DNA. The famihal dysautonomia gene is located 
according to the invention in a gene segment comprising the foUowing sequential 

20 polymorphisms: D9S172-D9S261-88B2GA-43B1GAGT-164D1-D9S1677-157A3- 

D9S310-D9S309-D9S58-D9S160-D9S311-D9S105. The location of the famihal 
dysautonomia gene is narrowed to less than 0.5 cM between the markers 43B1GAGT 
and 157A3. Two additional markers, 164D1 andD9S1677, located between 

25 43B1GAGT and 157A3, showed no recombmation with the disease. 

The present invention therefore relates to a me^od for identifying an 
individual carrying a gene associated with famihal dysautonomia. The method 
comprises detecting the presence of a polymorphism located between D9S 172 and 
D9S105, preferably between 43B1GAGT and 157A3 inclusive, and most preferably 

^® between 164D1 and D9S1677. on human chromosome 9. The presence of such 

polymorphisms is indicative of the presence of the familial dysautonomia gene in the 
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individual. 

The polymorphic markers of the invention can be detected by a variety of 
methods. The preferred detection means uses radioactive nucleotides in PGR 
amplification of the polymorphism, or randomly labeled probes in hybridization 
reactions. Other detection mettiods such as the ligase chain reaction (LCR) can also be 
5 used. Thepolymoiphismcanbedetectably labeled by a radioisotope or by chernical 

modification enabling direct detection of flie polymorphism. Fluorescent or colorimettic 
means can also be used. Detection of the polymorphism can be indirect, e.g. a 
radioactive complementary strand of DNA, resulting fix)m incorporation of radioactive 
nucleotides in a polymerase chain reaction. 

The invention also relates to nucleic acids usefiil for detecting the 
polymorphic markers of the invention. The nucleic acids, encoding sequences flanking 
the markers of the invention, can be used as primers for the polymerase chain reaction 
(PGR). Amplication of DNA with these primers allows for the detection of the 

15 polymorphisms such as 88B2GA, 43B1GAGT, 164D1, D9S1677 and 157A3. Such 

primers may be about 15 to about 40 bases pairs in length, preferably about 17 to about 
25 base pairs in length. In a preferred embodiment the primers used are 5'- 
GGCTGGGTGAGAAGAGC-3' or 5'-CTCATTGTATCCTTACATGGTG-3' for the 

20 88B2GAmarker; 5'-GATACACCATG-CATTTGC-3' or 5'-GAAA- 

TAGAACTGtTCCAAG-3' for the 43B1GAGT marker; 5'-CACCAGTATA- 
CTCCAGC-3' or 5'-TTAGATAGAAGTTATATTGC-3* for the 164D1 marker; 5'- 
CTGCTGTAATAGAAGGGAAAGG-3' or 5'-TCAACACCTAAGTCTAATCACC- 
3 * for the 1 57A3 marker. It will be understood by one of skill in the art that variations in 

25 

the 88B2GA, 43B1GAGT, 164D1, D9S1677 and 157A3 primers may be made 
providing they still result in nucleic acid sequmces cs^able of amplifying the 
corresponding nucleic acid sequence. These primers may be used in the method^ 
described herein for detecting the presence in a subject of the 43B IGAGT, 164D1, 
30 D9S1677 and 157A3 polymorphisms. 

Using the polymorphic markers of the invention, a genetic test for 
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families with familial dysautonomia-afifected member is provided for both prenatal 
diagnosis and earner test in healthy siblings. Subsequent identijacation of the defective 
gene, could also allow screening of the entire at-risk population to identify carriers, and 
potentially reduce the incidence of new cases of familial dysautonomia. 

The method lends itself readily to the fomiulation of kits which can be 
utilized in diagnosis. Such a kit would comprise a carrier being compartmentalized to 
receive in close confinement one or more containers wherein a first container may 
contain DNA containing coding sequences which may be used to identify a given 
polymorphism, e.g. an SSR. A second container may contain a diflFerent set of sequences 
coding for a second SSR, and sp on. Other containers may contain reagents useful in the 
detection of the labelled probes, such as enzyme substrates. StiU other containers may 
contain restriction enzymes, buffers, and the lilce. 

The present invention will now be described by way of examples, 
which are meant to illustrate, but not limit, the scope of the invention. 



EXAMPLE 1 
Materials and Methods 
Familial Dvsautonom ia Families 
2Q Patient samples were obtained from two major sources: the Dysautonomia 

Diagnostic and Treatment Center at the New York University Medical Center, and the 
Israeli Center for Familial Dysautonomia at Hadassah Universify Hospital. All 
famihal dysautonomia (FD) patients included in this study were diagnosed based on 
the standard criteria previously described (Axehod 1984; Axekod and Pearson 1984). 
Two hundred twelve (212) Ashkenazi FD famiUes were studied, including 41 families 
with more than one affected member, (siblings, first cousins, and affected 
uncles/aunts), and two families with consanguinity and a single affected child. 
Altogether, 271 FD affected individuals (441 distinct FD chromosomes) were studied. 
30 Unaffected parents were studied in all 212 FD families, and in 102 of the families 

siblings, grandparents, and siblings of the parents were also studied (492 non-FD 
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chromosomes from obligatory carriers). Control chromosomes were obtained from 
xmaffected individuals manying into the FD families (324 control chromosomes). 
Identificati on of New Markers 

Seven new polymorphic markers were generated from cosmids in the FD 
critical region by hybridization with synthetic di-, tri-, tetra-, and penta- 
oligonucleotides. Positive cosmids were shotgun subcloned and the positive subclones 
sequenced. Four of tiiese markers, 157A3, D9S310, D9S309, 2aidD9S311, are (GT)n 
repeats, 88B2GA is a (GA)„ repeat, 43B1GAGT is a (GA) n (GT)„ repeat, and 164D1 
is a (AAAAC)n repeat (Table 1). 
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Polymorphic Markers in the FD H^lotype 



Marker 



PGR Primers* or Reference 



Allele" 



Allele Frequency*' 



Heterozygosity & 
CEPH standards 



88B2GA GCCTGGGTGACAAGAGC 

CTCATTGTATCCTTACATGGTG 



10 



43B1GAG GATACACCATGCATTTGC 
T GAAAATACAACrGTTCCAAG 



15 



164D1 



157A3 



CACX:AGTATACrCCAGC 
TTAGATAGAAGTTATATTGC 



CTGCTGTAATAGAAGGGAAAGG 
TCAACACCTAAGTCTAATCACC 



20 



D9S310 (Slaugenhaupt et al. 1994) 



25 



D9S309 (Slaugenhaupt et al. 1 994) 



30 



1(116) 


038 


0.72 


2(118) 


0.17 




3(120) 


0.01 


133101 1.4 




0.31 


133102 1,1 


5(124) 


0.01 




11(136) 






3(80) 


0.01 


0.59 


4(82) 


0.03 


133101 5,8 


5(84) 


0.09 


6(86) 


A 1 ft 


i33iUi6 0,0 


8(90) 


ft iCI 




9(92) 


0.01 




10(94) 


ft 1 c 

0.13 




2(149) 


0.01 


0.61 


3(154) 


0.15 


133101 4,5 


4(159) 


0.35 


5(164) 


0.49 


133102 3,3 


12(140) 


0.03 


0.29 


13(142) 


0.84 




14(144) 


0.08 


1 tit rtl 1 O AC 

133101 12,1j 


15(146) 


0.02 


133102 13,14 


16(148) 


0.01 




17(150) 


0.02 




1 


0.02 


0.75 


2 


0.01 




3 


0.20 


133101 3,5 


4 


0.07 


1331023,3 


5 


0.24 




6 


0.38 




7 


0.08 




1 


0.01 


0.78 


2 


0,02 




3 


0.02 


133101 9,11 


4 


0.07 


133102 9,10 


5 


0.03 




6 


0.08 




7 


0.08 




8 


0.06 




9 


0.37 




10 


0.24 




11 


0.01 




IS 


0.01 
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Marker 



Table 1 

Polymorphic Markers in llie FD Haplotype 
PGR Primers*" or keferencc AUele* Allele Frequency*" 



D9S311 



(Slaugenhaupt etal. 1994} 



10 



D9S172 



(Weissenbach et al. 1992) 



15 



D9S261 



(Gys^ayetal. 1994) 



20 



D9S1677 (Dib et al. 1996) 



25 



D9S58 



OKLwiaticowski et al. 1992) 



30 



-1 


0.01 


1 


0.08 


3 


0.01 


4 


0.01 


5 


0.01 


6 


0.01 


7 


0.10 


8 


0.03 


9 


0.70 


10 


0.01 




0.04 


1 


0.07 


2 


0.48 


3 


0.05 


4 


0.24 


5 


0.10 




0.02 


7 


0.03 


8 


0.01 


0 


U.Ul 


1 


v.u/ 


z 


A no 


3 


0.01 


4 


0.17 


5 


0.01 


6 


0.01 


7 


0.05 


8 


0.53 


10 


0.01 


15 


0,04 


1 


0.01 


3 


0.02 


4 


0.02 


5 


0.02 


6 


0,23 


7 


0.08 


8 


0.14 


9 


031 


10 


0.08 


11 


0.05 


12 


0.02 


13 


0.01 


14 


0.01 



1 

2 
3 
4 
5 
6 



0.01 
0.01 
0.02 
0.02 
0.03 
0.02 



Heterozygosity & 
CEPH standards 



0.40 

133101 6,9 

133102 9,9 



0.67 

133101 2,4 

133102 2,2 



0.67 

133101 8,8 

133102 2,4 



0.71 

133101 9,9 

133102 8,10 



0.98 

133101 8,10 

133102 7,19 
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Marker 



Polymorphic Markers in the FD Haplotype 
PGR Primers* or Reference Allele** Allele Frequency 



Heterozygosity & 
CEPH standards 



10 



15 



D9S160 (Weissenbach et al. 1992) 



20 



D9S105 (Weber 1991) 



25 



7 


0.02 


8 


0.06 


9 


0.08 


10 


0.04 


11 


0.05 


12 


0.05 


13 


0.11 


14 


0.11 


15 


0.07 


16 


0.06 


17 


0.01 


18 


0.05 




0.03 


9ft 


0.10 


AO 


0.01 


94 


0 01 


26 


0.03 


-1 


0.01 


0 


0.01 


2 


0.03 


3 


0.06 


4 


0.10 


5 


o:o6 


6 


0.34 


7 


0.38 


1 


0.02 


2 


0.07 


3 


0.14 


4 


0.14 


5 


0.08 


6 


0,06 


7 


0.11 


8 


0.31 


9 


0.05 


10 


0.01 


11 


0.01 



*New polymorpliisms, PGR primers are listed 5' - 3* 
^Alleles sizes in base pairs for new markers 

**Allele frequencies are based on 497 non-FD Ashkenazi Jewish chromosomes 



0.72 

133101 6,6 

133102 6,7 



0.83 

133101 8,8 

133102 4,8 



30 
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DNA Analysis 

o 

Genomic DNA was either prepared from lymphoblast cell lines 
(Anderson and Gusella 1984), using the SDS-proteinase K method, followed by 
phenol extraction, or directly from blood, using the Chelex-100 method (Walsh et al. 
1991). PGR analysis was carried out on genomic DNA using the pubUshed 
^ oUgonucleotide primer pairs and anneaUng temperatures (Dib et al. 1996; Gyapay et 

al. 1994; Kwiatkowski et al. 1992; Weissenbach et al. 1992, The Genome Database) or 
according to Table 1 . Typing of SSR polymorphisms was performed as described in 
(Blumenfeld et al. 1993b). 
10 KESULTS 

Order of markers in the DYS region 
Previous studies have localized the FD gene'close to D9S58, in an 11 
cM region between D9S53 and D9S105. In the present study, thirteen SSR 
15 polymorphisms from the DYS region were used, including both D9S58 and D9S1 05, 

On the proximal side, the closer maiker D9S1 72 (6 cM from D9S58) was substituted 
for the more distant marker D9S53 (8 cM from D9S58). The order of the ten 
additional markers (Table 1) with respect to the aforementioned three anchoring loci 
from centromere to telomere is: 

20 

centromere-DPiJi 72-Z)9525i-88B2GA-43B 1 GAGT-16A'D\-D9S1677'151A3' 
D9S310-D9S309'D9S58-D9S160-D9S311-D9S105-iQ\omexQ. 

This map order was determined sequentially from recombination events 
in reference pedigrees (Povey et ah 1997) and recombination events in our FD 
25 families. No crossovers were observed between 164D 1 and D9S1 677, but their relative 

order was established by isolation of a BAG clone containing D9S1 677 and 1 57A3 but 
not 164D1\ 

Fine localization of the FD Gene 

30 To refine the TtiinimnTn FD candidate region, one hundred and two 

(102) FD families (41 with multiple afifecteds) were analyzed. On the proximal side. 
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the recombination event depicted in Figure 1 A sets the closest centromeric flanking 
marker as 43B1GAGT. No additional crossovers were detected by 88B2GA or 
D9S261, although the more distant £)P5i 72 (-6 cM away) detected 14 recombinations 
withi^ra. On the distal side, the closest flanking marker is 157A3 based on the 
crossover shown in Figure IB. One additional crossover was found m each of the 
5 subsequent intervals: 157 A3-D9S309, D9S309-D9S310, and D9S309-D9S58, No 

recombinants were observed between IJyS' and 164Dl-DPSi577. Thus, the FD 
candidate region has been reduced to the interval 43B 1GAGT-164D1 -DPSi 577- 
157A3, which we estimate fix>m ttxe analysis to span less than 0.5 cM. 

A lUajnr TTH TTaplotvpe 

10 

Haplotype analysis of FD was carried out in an attempt to further refine 
the candidate region and to estimate the number of independent mutations represented 
m the FD population. A major founder haplotype was observed for 435 of the 441 
(98.6%) FD chromosomes examined, with a core of alleles *8-4-12' at 43B1GAGT- 
164Dl-Z>PiS'i(577 (Table 2) and a consensus set of alleles for markers on either side 
that decays due to historical recombination ev^ts. The major founder haplotype in 
FD is recognizable across the interval D9S261 to D9S105, approximately 3 cM. The 
chromosomes supporting historical recombinations across ih&I>9S261 to D9S58 

20 interval af e depicted in Figure 2. No events were detected to narrow the candidate 

region, although one ancestral recombination event with 157A3 was observed which 
confirms it as the closest telomeric flanking marker (Figure 2), The next distal 
flanking markers, D9S310 and D9S309, yielded evidence for 4 and 6 additional 

25 ancestral recombinations, respectively. On the centromeric side, 3 apparent ancestral 

recombinations were observed with 88B2GA, and 6 additional events were seen with 
D9S26J. 

D9S1677 forms part of the conserved haplotype, but displays some 
allelic variation due to 'slippage' events that create new alleles (Table 3). On most 
'major haplotype' FD chromosomes, D9S1677 is represented by a '12' allele (83.5%), 
but on the remainder it is represented by '10' (0.5%), '11' (3%). '13' (3%), or '14' 
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(10%) even though adjacent markers remain unchanged. By contrast, the extreme 
D9S1677 alleles * 12% * 13 ' and '14' are present on only 2.4%, 0.6% and 0.6%, 
respectively, of non-FD chromosomes. The instabiUty of D9S1 677 is further supported 
by our observation of two allele changes from *12' to *13' during parent-child 
transmissions in our FD families. 
5 Other FD H^ lotvpes 

Six of 441 FD chromosomes revealed three different haplotypes across the 
candidate region (Table 2). All three of these other haplotypes were observed in 
compoxmd heterozygotes with the major haplotype. Minor haplotypes 1, 2, and 3 were 
10 observed in two, three, and one unrelated families, respectively. The third rare 

haplotype was inherited from a woman who claimed not to be of Jewish extraction; 
she was of Irish-German/Sicilian origin. Other than the unusual family history, this 
child exhibited all of the diagnostic criteria for FD and had classical symptoms. 

15 
20 
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DISCUSSION 

In an extensive study of FD families undertaken to refine the location of the 
FD gene in 9q3 1 , eleven new polymorphic markers were used. Within the 1 1 cM candidate 
region previously reported (Blumenfeld et al. 1993b), recombination events in FD families 
that dejSne a FD gene candidate region of less than 0.5 cM, between the new markers 
43B1GAGT and 157A3 were observed. 

One major haplotype for the FD region was detected on more than 98% of FD 
5 chromosomes. Indeed, all of the FD patients studied have at least one copy of the major 
haplotype. This dramatic linkage disequihbrium indicates that one major founder mutation 
is responsible for virtually all FD cases in the Ashkenazim. In several other recessive 
hereditary diseases a major foimder mutation has been observed in Ashkenazi Jews, but in 

2Q none of them is a single founder mutation as preponderant as the haplotype found in FD. 
For example the major mutations found in Tay Sachs disease, Gaucher disease, and cystic 
fibrosis are observed on 78%, 76%, and 48% of disease chromosomes, respectively (Triggs- 
Raine et al. 1990; Beutler et al. 1993; AbeUovich et al. 1992), 

Of our 271 FD patients, only 9 individuals from six families were compound 
heterozygotes with one atypical haplotype. These three rare haplotypes may reflect 
independent FD mutations. In particular, the inheritance of haplotype 3 from a non- 
Ashkenazi parent suggests that at least one of the rare FD h^lotypes may have been 
introduced from a non- Ashkenazi population. However, the possibility that haplotypes 1 and 

20 2 represent mutations that have occurred more recently in the Ashkenazim cannot be ruled 
out. In addition, one of the miaor haplotypes observed in two affected individuals (haplotype 
#1, Table 2), has the same alleles as the major haplotype for the centromeric markers 
D9S1 72 to 43B1GAGT. Compound heterozygotes for this haplotype appear to express a 

25 classic FD phenotype. Therefore, this haplotype could conceivably result from a historical 
recombination event with the major haplotype between 43B1GAGT and 164D1, rather than 
representing an independent mutation. 

If haplotype 1 is a derivative of the major FD haplotype, this would position 
DYS between 1 64D1 and the flanking marker 43B 1 GAGT. Haplotypes on non-FD 

30 

Ashkenazi chromosomes can also be interpreted as providing tentative siQ)port for a location 
of the disease gene proximal to D9S1677. None of the 497 non-FD chromosomes tested has 
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a haplotype that matches the consensus FD haplotype. However, careful examination of 
those non-FD haplotypes with alleles 1 1-14 at D9S1677 revealed 4 chromosomes that have 
^ the haplotype (1 l,12)-13-6-9-13-7-9-X for the markers D9S1677-151A3'D9S310-D9S309' 
D9S58'D9S160-D9S311-D9S105, matching the distal portion of the haplotype observed on 
40 out of 435 FD chromosomes (9%, Figure 2). Centromeric to D9S1677, all four non-FD 
chromosomes have the haplotype 11-5-5 instead of 4-8-4 for the markers 88B2GA- 
43B1GAGT-164D1. It is intriguing to speculate that these non-FD chromosomes may 
5 reflect a historical recombination event telomeric to 164D1 which would place the DYS gene 
proximal to D9S1677. Although we do not feel that our current data provide strong enough 
evidence for definitively refining the localization of i^yiS within the 43B1GAGT-164D1- 
D9S1677'151A3 interval, these interpretations of rare h£q)lotype 1 and of the selected non- 

jO FD chromosomes favor the centromeric portion of the candidate region. 

The FD candidate region now extends from 43B1GAGT to 157A3, defined 
on each side by an actual recombination event observed in a parent-child transmission in one 
of our FD families. In other studies, haplotype analysis has assisted in pinpointing the 
location of a disease gene within a candidate interval previously defined by actual 
recombinants. For example, in Ashkenazi Jewish dystonia, haplotype analysis reduced the 
interval containing the DYTl gene from approximately 1.8 Mb to 150 kb (Ozelius et al. 
1997). Similarly, in Huntington's disease, haplotype studies revealing ancestral crossovers 
progressively narrowed a 2 Mb candidate region to -200 kb (Gusella and MacDonald 1993). 

20 We observe significant linkage disequilibrium on FD chromosomes across a region of about 
3 cM from D9S261 to D9S105. Despite the feet that we genotyped a very large number of 
FD chromosomes, the candidate region could not be narrowed fiirfher using ancestral 
recombination events. Only one additional historical recombination event was observed 

25 with 157A3, and none was seen with 43B IGAGT (Figure 2). Thus, the extent of linkage 
disequilibrium on FD chromosomes and the comparison of historical and actual 
recombination events in FD suggests that the major FD mutation probably occurred 
relatively recently in the Ashkenazi population, certainly within a few hundred years. The 
high incidence of FD in the Ashkenazdm suggests that the mutation was likely present during 

^® a period of rapid population expansion from a small number of founders (Risch et al. 1995). 
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The incidence of FD is 1 in 3700 live births among Ashkenazi Jews, and the 
calculated carrier frequency is 1 in 32 individuals (Maayan et al. 1987). 324 control 
chromosomes from spouses of FD carriers were genotyped and the major FD haplotype was 

o 

observed on 1 .54% (expected 1 .56%). The fact that none of the FD associated haplotypes 
was observed in non-FD chromosomes, combined with the ability to identify the major FD 
haplotype in the general Ashkenazi Jewish population, indicates that accurate and sensitive 
genetic testing can be provided for FD famihes and spouses (Blumenfeld et al. 1995; Eng et 
5 al. 1995; Oddoux et al. 1995). 

* The definition of a precise candidate region for DYS has set the stage for the 
identification of the the FD defect through location cloning. FD belongs to a family of 
hereditary sensory neuropathies whose accurate diagnosis challmges clinicians. The 
jQ observation of at least one non- Jewish FD chromosome in our data indicates that other non- 
Jewish patients might have escaped diagnosis as FD. Cloning of the DYS gene based on its 
chromosomal location will provide tihie meaiis for direct comparison of both * atypical' cases 
as well as other sensory neuropathies to FD, allowing a classification based on the primary 
genetic cause rather than subtle symptomatic differences. 
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We claim: 

^ 1 . A method for ideutifying an individual carrying a gene associated 

with familial dysautonomia, said method comprising: 

detecting the pres^ice of a poljnnorphism located between D9S172 
and D9S105 inclusive on human chromosome 9, linked to the gene associated with famihal 
dysautonomia, wherein the presence of the polymorphism is indicative of the presence of the 

^ familial dysautonomia gene, 

2. The method according to claim 1, whereiii the polymorphism is 
selected from the group consisting of D9S172, D9S261, 88B2GA, 43B1GAGT, 164D1, 
D9S1677, 157A3, D9S310, D9S309, D9S58, D9S160, D9S311 and D9S105. 
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3 . The method according to claim 2, wherein the polymorphism is 
selected from the group consisting of 43B1GAGT, 164D1, D9S1677 and 157A3. 

4. The method according to claim 3, wherein the polymorphism is 
selected from the group consisting of 164D1 and D9S1677 

5. An isolated nucleic acid sequence comprising the familial 
dysautonomia gene, said nucleic acid sequence consisting essentially of the sequence located on 
the long arm of chromosome 9 between 43B1GAGT and 157A3. 

6. The isolated nucleic acid sequence according to claim 5, wherein the 
sequence consists essentially of the sequence located on the long arm of chromosome 9 
between 164D1 and D9S1677. 

7. A nucleic acid primer for detecthxg the 43B1GAGT marker, said 
primer having a nucleic acid sequence of 5'-GATACACCATGCATTTGC-3* or 5*- 
GAAATAGAACTGTTCCAAG-3\ 

8. A nucleic acid primer for detecting the 164D1 marker, said primer 
having a nucleic acid sequence of 5'-CACCAGTATACTCCAGC-3' or 5'- 
TTAGATAGAAGTTATATTGC-3'. 
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9. A nucleic acid primer for detecting the 157 A3 marker, said primer 
having anucleic acid sequence of 5'-CTGCTGTAATAGAAGGGAAAGG-3' or 5'- 
TCAACACCTAAGTCTAATCACC-3'. 

o 

10. A nucleic acid primer for detecting tide 88B2GA marker, said primer 
having anucleic acid sequence of 5'-GCCTGGGTGACAAGAGC-3' or 5*- 
CTCATTGTATCCTTACATGGTG-3 ' . 

^ 11. A kit for diagnosing a carrier of the familial dysautonomia gene, said 

kit comprising at least one nucleic acid probe having a sequence that can identify a 
polymorphism between D9S172 and D9S105 mclusive linked to the gene associated with 
f amihal dysautonomia. 

12. The kit according to claim 1 1 , wherein the nucleic acid probe has a 
sequence that can identify a polymorphism between 43B IGAGT and 1 57A3 inclusive linked 
to the gene associated with famihal dysautonomia. 

13. The kit according to claim 12, wherein the nucleic acid probe has a 
sequence that can identify a polymorphism between 164D1 andD9S1677 inclusive linked to 
the gene associated with famihal dysautonomia. 
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